Humans have populated the Tibetan plateau much longer than the Andean Altiplano. It is thought that the difference in length of occupation of these altitudes has led to different responses to the stress of hypoxia. As such, Andean populations have higher hematocrit levels than Himalayans. In contrast, Himalayans have increased circulation to certain organ systems to meet tissue oxygen demand. In this study, we hypothesize that cerebral blood flow (CBF) is higher in Himalayans than in Andeans. Using a MEDLINE and EMBASE search, we included 10 studies that investigated CBF in Andeans and Himalayans between 3,658 and 4,330 m altitude. The CBF values were corrected for differences in hematocrit and arterial oxygen saturation. The data of these studies show a mean hematocrit of 50% in Himalayans and 54.1% in Andeans. Arterial oxygen saturation was 86.9% in Andeans and 88.4% in Himalayans. The CBF in Himalayans was slightly elevated compared with sea-level subjects, and was 24% higher compared with Andeans. After correction for hematorit and arterial oxygen saturation, CBF was B20% higher in Himalayans compared with Andeans. Altered brain metabolism in Andeans, and/or increased nitric oxide availability in Himalayans may have a role to explain this difference in brain blood flow.
Introduction
For thousands of years, populations have inhabited the high-altitude plateaus in the Andes in South America and the Himalayas in Tibet, where they have responded to the stress of the high-altitude hypoxia. The first humans arrived in South America and lived on the highlands of Bolivia and Peru for more or less 12,000 years. Since the Spanish Conquest, which started in the early 1,500s, considerable genetic admixture has occurred with the indigenous Andean populations, resulting in the introduction of 5% to 30% of European genes into the contemporary Andean gene pool. In contrast, the Tibetan plateau was populated much earlier. Human handprints and footprints, discovered at 4,200 m, have demonstrated the existence of modern man already 20,000 years ago (Zhang and Li, 2002) . It is thus probable that the Himalayan model of adaptation is different from the Andean model as the latter had a shorter time interval for adaptation and displays probably more genetic admixture from lowland populations, which were not adapted to the high-altitude hypoxia. This difference implies that the evolutionary adaptation of the Andeans and Himalayans followed divergent pathways (Moore, 2000) .
As an example of the difference in response to the high-altitude hypoxia Andeans have, at altitudes of B4,000 m, hemoglobin levels, which are consistently higher compared with Himalayans, whereas hemoglobin levels in Himalayans are only slightly higher than in subjects at sea level (Beall et al, 1998) . In contrast to this substantial difference in hemoglobin levels, the oxygen saturation, which is normally decreased at altitude because of a decrease in ambient oxygen pressure, is found to be more or less similar in the two populations (Moore, 2000) . As a result, the arterial oxygen content, being a measure of the oxygen carrying capacity, which is determined by hemoglobin concentration and oxygen saturation, has been found to be higher in Andeans than in Himalayans (Beall, 2007) . This implies that Himalayans must engage other mechanisms to sustain normal oxygen delivery and aerobic metabolism (Beall, 2007) . In fact, it has been shown that Himalayans have increased blood flow to several body tissues to sustain an adequate tissue oxygen delivery: Tibetans have higher forearm blood flow as compared with sea-level subjects (Erzurum et al, 2007) , and Tibetan pregnant women have a higher placental blood flow than Han Chinese at 3,860 m (Moore et al, 2001) .
On the basis of these observations, it is a logical and intriguing idea to test the hypothesis whether Himalayans have higher cerebral blood flow (CBF), as compared with Andeans, to meet oxygen demand of the brain at high altitude. To this end, we undertook a study of the literature to investigate whether we could find the evidence which supports this hypothesis.
Materials and methods
In the preparation of this manuscript, the term 'Andean' was used to represent Aymara and Quechua Indians who live on the high-altitude plains of Bolivia and Peru. The term 'Himalayan' was used to represent Tibetans and Sherpas. Sherpas live in the Northern highlands of Nepal and are of Tibetan ancestry.
A MEDLINE and EMBASE literature search using the terms (MESH): (Andeans, Himalayans) OR (Aymara, Quechua, Tibetan, Sherpa) AND (altitude) OR (brain) OR (cerebral blood flow) was performed to include articles published between the years 1960 and 2008. In all, 12 articles were found that describe CBF measurements performed at altitudes between 3,658 and 4,330 m. Two of these were not included, as data were missing or not adequately powered (Wood et al, 1988; Sun et al, 1996) . In total, 10 articles published in peer-reviewed journals were used for comparison to be drawn regarding the CBF and CBF-related values in the two high-altitude populations. The methodological heterogeneity of the CBF measurements precluded any formal statistical analysis, and data were analyzed descriptively. The CBF and CBF-related values from the high-altitude populations were compared with their sea-level control group values. When such control groups were lacking, standard sea-level values were used.
Results
The Andean Altiplano Milledge and Sørensen (1972) measured the arterialvenous oxygen content difference of the brain ((A-V)DO 2 ) of high-altitude residents of Cerro de Pasco at 4,300 m (Table 1) . (A-V)DO 2 is an approximation of CBF, and is expressed as mL oxygen bound in 100 mL blood, expressed as volume percent (vol%). Proportional as CBF diminishes, more oxygen is extracted from the blood flowing through the brain, resulting in an increase in (A-V)DO 2 , and vice versa. Thus, a reverse linear relationship exists between CBF and (A-V)DO 2 . Standard sea-level (A-V)DO 2 values in healthy adults are B6.5 vol%. The authors of that study measured (A-V)DO 2 value of 7.89 vol% in the high-altitude residents and of 6.5 vol% in a control group at sea level. After comparing these (A-V)DO 2 values with other (A-V)DO 2 and CBF data that were measured during a similar highaltitude study (Sørensen et al, 1974) , a mean CBF value of 38 mL per 100 g per minute in the highaltitude residents was calculated. This basic finding of low-CBF values in Andeans was confirmed by Marc-Vergnes et al (1974) who measured CBF in La Paz at 3,750 m, using the KetySchmidt method. The CBF was 40.2 mL per 100 g per minute, and a CBF value of 50.1 mL per 100 g per minute was measured in a sea-level control group.
Transcranial Doppler measurements were performed in high-altitude residents in Cerro de Pasco at 4,330 m in three separate studies. Transcranial Doppler sonography determines the blood flow velocity of the middle cerebral artery (Vmca). The mca perfuses B80% of the hemisphere, and the velocity of the blood flow is considered an index of CBF, but assumes a given vessel diameter. Although a single value of Vmca cannot be compared with a single value of CBF, a group means of Vmca values is representative for a group means of CBF. Mean Vmca values as measured in Cerro de Pasco in the three studies were 45.8 cm/s (Appenzeller et al, 2004) , 50 cm/s , and 51.8 cm/s (Appenzeller et al, 2006) . Sea-level control measurements were not performed in these three studies. Standard sea-level values are 60 cm/s.
These data yield an overall mean CBF value of 41.4 mL per 100 g per minute and a mean Vmca of 49.4 cm/s in Andean high-altitude residents. These values are, respectively, 17.2% and 18.4% (mean 18%) lower as compared with their sea-level control group values or with standard sea-level group values.
The Tibetan Plateau
Huang et al (1992) measured the blood flow velocity in the internal carotid artery in Tibetans in Lhasa at 3,658 m, being a value of 22.9 cm/s (Table 1) . A historical control group at sea level had a value of 19.6 cm/s (Huang et al, 1987) .
In three separate studies in Pheriche in Nepal at 4,243 m, Transcranial Doppler was used to measure Vmca in Sherpas. Vmca values were, respectively, 59 cm/s (Jansen et al, 1999) , 61 cm/s (Jansen et al, 2000) , and 59 cm/s (Jansen et al, 2007) , with a mean value of 60 cm/s (Figure 1 ). Control Vmca values as measured in sea-level subjects were, respectively, 60, 55, and 58 cm/s (mean 58 cm/s). In Namche Bazar (Nepal), situated at 3,440 m, Vmca in Sherpas was 64 cm/s (Jansen et al, 2007) . As the altitude of 3,440 m is beyond the range that was determined for inclusion in this study, these data are not used for further calculation. However, it is another example of the high CBF values that were encountered in the Himalayan population. The data show that Himalayans have velocity in the internal carotid artery of 22.9 cm/s and Vmca of 60 cm/s. These values are, respectively, 11.7% and 3.4% (mean 6.2%) higher as compared with their sea-level control group values.
Discussion
The findings of this study show that Himalayans have CBF values that are slightly (6.2%) higher as compared with the sea-level control values. In contrast, Andeans living in the same high-altitude range have CBF values that are substantially (18%) lower than the sea-level control values, indicating a 24% higher CBF in Himalayan compared with Andean high-altitude populations. The difference is remarkable. However, several factors, which are known to control tightly the brain blood flow, are strongly determined themselves by high-altitude adaptation. Moreover, they are expressed differently in the two high-altitude population. These factors are hematocrit, which influences blood viscosity and rheology, arterial oxygen saturation, brain metabolism, and nitric oxide (NO) availability. They will be briefly addressed here.
Hematocrit and Altitude
The brain blood flow of high-altitude populations is actually the reflection of two opposite forces: one acting to increase flow because of the persistent low arterial oxygen tension, and the other acting to decrease flow as a consequence of the increase in hematocrit (Møller et al, 2002) . Average hematocrit data, as calculated from this study, show a hct value of 54.1% in the Andean population and of 50% in the Himalayan population (Table 1) . These data are in agreement with the data provided by other studies, and they underline the epidemiologic evidence for a 1 to 4 g/dL higher hemoglobin concentration in Andean compared with Himalayan populations (Beall et al, 1998; Beall, 2006) . Milledge and Sørensen (1972) suggested that in the Andean population, the increased viscosity of their polycythemic blood imposed a circulatory burden, which could adequately explain their low CBF. However, Brown et al (1985) , studying the relationship between blood viscosity, arterial oxygen content, and CBF, have demonstrated a highly significant correlation between arterial oxygen content and CBF. An effect of changes in blood viscosity on CBF was not evident and was less pronounced than suggested in the study of Milledge and Sørensen (1972) . To eliminate any effect of differences of hct on CBF to compare normal control CBF values with CBF values in groups with varying hct values, Severinghaus (2001) proposed the following relationship:
In this equation, CBF hct-corr is the CBF after correction for the higher hct value, and CBF is the actually measured CBF. After factoring out hct in the data of this study, CBF yields a value of 46 mL per 100 g per minute in the Andean population and 56 mL per 100 g per minute in the Himalayan population.
The most striking feature after the corrections for hct is the B20% CBF difference between Andean and Himalayan highland populations. As the effect of the corrections for hct on CBF is small, it is thus evident that other mechanisms than the difference in hct have a role to explain the discrepancy of CBF values between the two high-altitude populations.
Arterial Oxygenation and Altitude
The data from the studies addressed here show a lower mean SaO 2 (86.9%) in the Andean population compared with the Himalayan population (88.4%) (Table 1) . Essentially, similar data are reported from a review that showed SaO 2 of 86% in Andeans and 87.8% in Himalayans (Moore, 2000) . The higher SaO 2 in Himalayans at B4,000 m altitude is the result of a higher ventilation in Himalayans than in Andeans (Moore, 2000) , and is another process of adaptation to the hypoxia of high altitude that distinguishes the Tibetans from Andeans. A decline of arterial oxygen saturation causes CBF to increase, an effect that does not adapt over time (Krasney et al, 1990) , and CBF starts to increase if SaO 2 falls below 88%. This would implicate that the CBF difference of B20% between the Andeans and Himalayans might be somewhat larger if corrected for the 1.5% SaO 2 difference between the two populations.
A factor that potentially may influence the release of oxygen to the brain tissue in the two populations is their affinity of oxygen for hemoglobin, which is quantified as P 50 , being the arterial oxygen tension when the blood is 50% saturated with oxygen. At sea level, P 50 is B28 mm Hg. A higher P 50 means that the affinity of oxygen for hemoglobin is decreased and that the capacity of the blood to release oxygen is increased, improving tissue oxygenation. The affinity of oxygen for hemoglobin is, on the one hand, determined by the structure of the hemoglobin molecule. The structure of the hemoglobin molecule is similar in much of the animal world, and no differences are known between populations (Winslow, 2007) . The affinity of oxygen for hemoglobin is, however, influenced by temperature, CO 2 , H + and, within the red cell, by 2,3-diphosphoglycerate (2,3-DPG). In residents at high altitude, a small hyperventilation alkalosis is observed that produces a left shift of the oxygen dissociation curve and an increase of the affinity of oxygen for hemoglobin. This leftward shift is compensated for by an increase of 2,3-DPG that shifts the oxygen dissociation curve to the right. In effect, it was concluded that no difference was observed in the P 50 of Himalayans (29.8±1.9 mm Hg) as well as of Andeans (30.1± 2.2 mm Hg) compared with sea-level subjects (Winslow, 2007) . It indicates that the brain oxygen delivery, and High-altitude residents and cerebral blood flow GFA Jansen and B Basnyat consequently CBF, in the two populations is not differently affected as a result of different binding affinity of oxygen for hemoglobin. Beall (2007) found that arterial oxygen content, which is the product of the hemoglobin concentration and oxygen saturation, was higher in Andeans compared with sea-level subjects as a result of their high hemoglobin level, but that in Himalayans arterial oxygen content was lower and did not compensate to sea-level values. It was also supposed that the lower than sea-level arterial oxygen content in the Himalayans was the cause to increase their circulation to maintain adequate oxygen delivery (Erzurum et al, 2007) . However, the arterial oxygen content values in Andeans (22.3 mL/100 mL) as well as in Himalayans (21 mL/100 mL) as calculated by us, are both above the average sea-level value of 20 mL/100 mL (Figure 1) . These values are essentially similar to the values recently measured in well-acclimatized climbers on Mount Everest at an altitude of 5,300 m (Grocott et al, 2009 ). Thus, although brain blood flow is higher in Himalayans, the hypothesis that this high flow is a compensation for a lower than sea-level arterial oxygen content, is not justified from the data of our study. Therefore, the identical increases in arterial oxygen content in both populations do not provide an explanation for their difference in CBF.
Normally, an increase in arterial oxygen content produces a decline in CBF, such that the oxygen delivery capacity to the brain (brain blood flow Â arterial oxygen content) remains constant (Brown et al, 1985; Henriksen et al, 1981) . However, a lowoxygen tension in the ambient air at high altitude causes an increase in CBF, which is triggered by the decrease in arterial oxygen tension. Earlier reports showed a role for the cerebral venous oxygen tension, measured in the jugular vein (PvjO 2 ), in the regulation of CBF (Henriksen et al, 1981; Paulson et al, 1973) . The one study that determined PvjO 2 in Andeans at altitude is the study of Marc-Vergnes et al (1974), which measured a PvjO 2 of 29 mm Hg, with a sea-level value of 35 mm Hg. In as much as PvjO 2 is a primary mover of brain circulation, the combined effect of an increase of CBF triggered by the low PvjO 2 of 29 mm Hg, and a decrease in CBF that would match the 10% increase of arterial oxygen content that we measured in the Andeans (Table 1) , is difficult to reconcile with the actual low CBF that we found in the Andeans. Unfortunately, PvjO 2 data on Himalayans are lacking.
The influence of lifelong high-altitude hypoxia on the brain blood flow could be further evaluated by analyzing the (A-V)DO 2 measurements (Table 1) . These measurements, which were only performed in the Andean population, show 20% higher (A-V)DO 2 values compared with sea-level values. As (A-V)DO 2 is inversely related to CBF, it should be concluded that brain blood flow in the Andeans is 20% lower, on the condition that the brain oxygen metabolism (CMRO 2 ) is not different from the sea-level value. That Andeans have similar CMRO 2 as sea-level subjects, as demonstrated by Marc-Vergnes et al (1974) . The alternative explanation for the increased (A-V)DO 2 is that, on the condition that CBF is at the sea-level value, CMRO 2 is increased in the Andean population. However, the normal CMRO 2 in the Andeans precludes that this explanation is a plausible one. Therefore, we conclude that the increased (A-V)DO 2 values in the Andeans contribute to our findings of a low-brain circulation in this population.
Brain Metabolism and Altitude
Sea-level dwellers who resided for several weeks at high altitude had cerebral oxidative metabolism and brain blood flow, which were not different from their sea-level values (Møller et al, 2002) . Likewise, Andean high-altitude residents have cerebral oxidative metabolism, which is equivalent to that of subjects at sea level (Marc-Vergnes et al, 1974) . Surprisingly, Hochachka et al (1994) found that brain glucose metabolic rate in Quechua Indians is B10% lower as compared with sea-level subjects, measured directly after arriving at sea level, and after 3 weeks of deacclimatization at sea level. The authors of that study described this 'hypo-metabolism' of the brain as a defense strategy against chronic hypoxia, and compared this phenomenon with that of other vertebrate brains, which are exceptionally tolerant of extended hypoxia or even anoxia (Hochachka et al, 1996) . In contrast, they also found that the brain glucose metabolic rate in Sherpas was similar to that of lowlanders and differed significantly from that of the Quechuas (Hochachka et al, 1996) . These findings indicate a difference in adaptive strategy against hypoxic stress between the two populations, and they emphasize the more successful process of adaptation in the Himalayans. Although on the one hand, the finding of Hochachka and coworkers, that Quechuas have a lower brain glucose metabolism, is under discussion (Møller et al, 2002) , our data, however, may support the finding of a lower brain glucose metabolic rate in the Andean high-altitude population. It should be noted that, in the human brain, blood flow and glucose metabolism are normally tightly coupled and, especially during functional brain activation, they increase in close proportion, whereas oxygen metabolism only increases to a minor degree (Madsen et al, 1995) . It would mean that, in Andean high-altitude residents, the low brain blood flow is perfectly matched with the lower glucose metabolic rate.
However, the lower brain glucose metabolism does not explain what the excess oxygen delivery is used for, as brain oxygen metabolism in Andeans has been shown to be similar as in sea-level subjects (Marc-Vergnes et al, 1974) . Two studies may give an explanation for this discrepancy. First, Sørensen et al (1974) , who studied brain glucose and lactate metabolism in residents of La Paz (4,000 m) found in several subjects a Glucose-Oxygen Index of < 100%, 'ywhich might indicate that their brains metabolize something other than glucosey'. Second, in sojourners after 5 weeks at 5,260 m, a slight cerebral uptake of lactate could be demonstrated during moderate exercise (Møller et al, 2002) . This may not be surprising, as it has been shown recently that, at least during exercise at sea level, the brain may consume lactate, suggesting that the human brain is not an obligatory glucose consumer (Dalsgaard, 2006) . That Quechuas might possibly have an altered lactate metabolism is the notion that the lactate paradox (i.e., that blood lactate concentrations reached during maximal exercise ([La]-max) at altitude are consistently lower as compared with the values seen at sea level) in Quechuas does not disappear within 6 weeks of sojourning at sea level, whereas Tibetans born at sea level have [La]-max, similar to those of lowlanders (Kayser et al, 1996) . It is thus possible that under the conditions of highaltitude hypoxic stress other substrates than glucose, hitherto overseen, are metabolized by the brain of Quechuas.
However, brain metabolism in both high-altitude populations has hardly been studied, and before we can accept these results as definitive it will be necessary to have all these measurements performed in both populations, as the implications are likely to be crucial.
Nitric Oxide and Altitude
A primary strategy to increase oxygen delivery is to increase blood flow, and numerous studies show that hypoxia produces vasodilatation. Hypoxia-induced cerebral vasodilatation in humans is mediated by NO. In healthy sea-level subjects, short-term exposure to hypoxia increases exhaled NO (Duplain et al, 2000) . Beall et al (2001) have shown that exhalation of NO in Tibetans living at 4,200 m and in Aymaras at 3,900 m is increased, as compared with a lowaltitude reference sample. However, Tibetans exhale twice as much NO as Aymaras (18.6 p.p.b. versus 9.5 p.p.b.), whereas exhaled NO in Aymaras was only 25% higher than in the sea-level group (7.5 p.p.b.). Relief from the high-altitude hypoxia by oxygen inspiration resulted in an increase of NO exhaled by Tibetans, but caused no change among the Aymaras (Beall et al, 2001) . In a study performed in Tibetans at 4,200 m, Hoit et al (2005) showed that higher-exhaled NO was associated with higher pulmonary blood flow. Moreover, Tibetans showed, in comparison with sea-level subjects, more than double forearm blood flow and > 10-fold higher circulating concentrations of bioactive NO products (Erzurum et al, 2007) . Schneider et al (2001) demonstrated in Sherpas, as compared with sea-level subjects, a superior ability to increase blood flow velocity as a response to muscular ischemia. This phenomenon was probably caused by differences in conduit vessel function, and was reported to be a characteristic effect of drugs that act via NO such as nitroglycerine and nitroprusside-Na, which are both NO donors. In contrast, in Aymara children, exhaled NO tended to be lower than in European children living at the same altitude (Stuber et al, 2008) . These data suggest that the metabolic pathways controlling formation of NO products, and the mechanism for sustaining high NO levels, are regulated differently among Tibetans and Andeans.
Although from these NO studies a causative relationship between, on the one hand the higher exhaled NO and circulating concentrations of bioactive NO products, and conversely the higher brain blood flow in Tibetans compared with Andeans, cannot be provided, several studies nevertheless support this notion.
First, in Lhasa at 3,658 m, submaximal exercise increased mean blood flow velocity in the internal carotid artery of Tibetan and Han Chinese subjects (Huang et al, 1992) . At peak exercise levels, the Tibetans sustained the increase in flow velocity, whereas the Han did not. Across all exercise levels, up to and including peak effort, Tibetans demonstrated a greater increase in internal carotid artery flow velocity relative to resting value than did Han subjects.
Second, Norcliffe et al (2005) showed that Andeans at altitude have a smaller cerebral vasodilatory response to hypoxia and a larger cerebral vasoconstrictive response to hypocapnia under hypoxia compared with the same subjects shortly after arriving at sea level, indicating that the cerebrovascular responses are impaired at altitude. These authors suggested that an impaired release of vasoactive mediators, such as NO, at altitude may account for the decline of vasodilatation on hypoxia and for the increase of vasoconstriction on hypocapnia under hypoxia.
Third, Appenzeller et al (2006) demonstrated that Andeans had an insignificant response of CBF on giving a NO donor, whereas Ethiopians, who are well adapted to the high altitude, showed a significant cerebral vascular response to exogenous NO (Beall, 2006) . The authors described the greater CBF response on NO administration in Ethiopians as proof of fitness for life at altitude, whereas Andeans lacked this fitness for life at altitude, and are in fact maladapted to the high altitude.
It is thus possible that in Andeans the role for NO to contribute to an increase in brain blood flow in light of chronic hypoxia is much less developed, or possibly annihilated (Appenzeller et al, 2006) .
Transcranial Doppler Flow Velocity Measurements in Altitude Populations
In 6 of the 10 reports that were considered in this study, noninvasive transcranial Doppler flow velocity measurements were used as an index of CBF. To study Vmca data in various groups, the perfusion territory and the diameter of the mca should be comparable. Genetic differences between the Andean and Himalayan populations in the perfusion territory as well as in the width of the mca are possible confounding factors for the value of Vmca in our study. Unfortunately, to our knowledge, no studies are available that measured either the diameter of the mca or its perfusion territory in these populations.
However, a study in the Himalayas (Huang et al, 1992) showed that the diameter of the internal carotid artery, as measured in Tibetans and in Han Chinese, was similar. Also, Jansen et al (2007) studied Vmca in Sherpas who resided for several years at low altitude (1,300 m), and found no difference with a sea-level control group. Moreover, CBF values as measured in Andeans (Sørensen et al, 1974; Marc-Vergnes et al, 1974) , as well as Vmca values that were also measured in Andeans (Appenzeller et al, 2004 (Appenzeller et al, , 2006 Claydon et al, 2005) were all 18% to 20% lower compared with sea-level standard values. Taken together, we interpret the Vmca values in the two populations as being proportional to their CBF values.
Clinical Relevance
Andeans suffer from Chronic Mountain Sickness (CMS), with symptoms of migraine and lethargia, and signs of increased pulmonary artery pressure. Increased hematocrit and low NO availability have been implicated in the origin of CMS. However, CMS is relatively rare in native Tibetans who live at similar altitudes.
Migraine with aura was reported to have a 24% to 32.2% incidence in adult males in Cerro de Pasco (4,300 m) who had high hemoglobin levels and increased CMS scores . Some of them had defective CO 2 reactivity and defective cerebral vasodilatation in response to NO (Appenzeller et al, 2004 (Appenzeller et al, , 2006 .
Recent studies have shown that long-term stay of lowlanders at high altitude is associated with increased risk of thromboembolic stroke. In these studies, polycythemia was the only common risk factor (Jha et al, 2002; Niaz and Nayyar, 2003; Schobersberger et al, 2005) . A study in the Andean high-altitude population of Cuzco (3,380 m) showed a stroke prevalence ratio, which was similar as in the North-American age adjusted population (Jaillard et al, 1995) . Remarkably, the Andeans showed a higher incidence of thromboembolic stroke, which was associated with polycythemia, whereas, the North American population had a higher frequency of hemorrhagic stroke. As in developing countries, the stroke incidence is normally found to be lower when compared with developed countries, it would imply an additional thromboembolic stroke risk in the Andean high-altitude population. This is in sharp contrast with a lower mortality from stroke in subjects living permanently at high altitude in Switzerland as has been reported recently (Faeh et al, 2009) .
These data suggest that the Andean model of adaptation to the hypoxia of high altitude with polycythemia and an altered brain blood flow regulation may carry an increased risk for developing thromboembolic stroke and an increased incidence of migraine, in contrast with the Himalayan model of adaptation.
Conclusions
Field studies have demonstrated that Himalayan populations have substantially higher brain blood flow than Andean populations. The difference exists after correction for the higher hct in both populations. Increased NO availability in Himalayans, and/ or hypo-metabolism of the brain of Andeans may have a role to explain this difference. The Andean model of adaptation, in contrast with the Himalayan model, may carry an increased risk for stroke from the high hematocrit, and predisposes for brain symptoms of CMS, which are related to altered CBF responses. Further work on adaptive mechanisms against oxygen limitations in the brain should include reference to the different patterns of brain blood flow regulation that possibly exist in highaltitude populations.
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